The shrimp farming industry in the 1980s grew phenomenally due mainly to technological breakthroughs and high profitability. However viral diseases have reduced shrimp production since 1991, and thus have emerged as a major constraint to the growth of shrimp aquaculture (Leung & Tran 2000) .
Mortality of shrimp larvae in hatcheries often occurs because of variable biotic and abiotic factors, with biotic factors playing a more important role. In India, mass mortality of shrimp larvae due to antibiotic resistant Vibrio harveyi (Karunasagar et al. 1994 ) and larval mortalities in hatcheries due to monodon baculovirus (MBV) (Ramasamy et al. 1995) have been recorded. MBV infection has also been reported in most hatcheries and growout ponds in other south-east Asian countries (Lightner et al. 1992) . MBV has been implicated in mass mortalities in shrimp that are cultured at high densities (Fulks & Main 1992) .
Hepatopancreatic parvovirus in shrimp was first reported from Penaeus merguiensis and P. indicus by Chong & Loh (1984) and from P. chinensis by Lightner & Redman (1985) . It was subsequently found to be widely distributed in several penaeid species from many parts of the world (Lightner 1996) including P. monodon in Thailand (Flegel et al. 1992) .
In recent times, white spot syndrome virus (WSSV) has created havoc in shrimp farms and this has resulted in great economic losses worldwide. This virus has also been detected in shrimp larvae (Otta et al. 1999 ) and several carrier animals (Hossain et al. 2001) in India. In this communication we report from a hatchery along the west coast of India severe mortality of postlarvae associated with simultaneous infection by the 3 viruses described above.
Materials and methods. Sample collection: Mass mortality of postlarvae (PL8-PL10) was reported by a hatchery producing 60 million larvae yr -1 . Out of 6 tanks of 10 ton capacity, 4 showed mass mortality. A minimum of 100 postlarvae were collected from each tank for histopathology and polymerase chain reaction (PCR). Healthy postlarvae (i.e. from tanks not showing any mortality) and diseased postlarvae were collected separately. Samples were immersed in Davidson's fixative for histopathology. For PCR, the samples were collected in 70% ethanol.
Histopathology: For histopathology, samples were processed as described by Bell & Lightner (1988, p. 2-6) . Briefly, the sections were deparaffinised, rehydrated in an alcohol series and then stained with hematoxylin and eosin.
PCR analysis: Postlarvae preserved in 70% ethanol were rehydrated in distilled water for 1 h. Extraction of viral DNA was carried out as described earlier (Otta et al. 1999) . Twenty-five whole postlarvae were sub-sampled for DNA extraction. Portions of the same DNA extract were used for the amplification of both MBV and WSSV. For WSSV detection, nested PCR primers and a protocol described earlier (Hossain et al. 2001) giving products of 486 and 310 bp were used. For MBV detection, the nested PCR protocol and primers described by Belcher & Young (1998) yielding products of 533 and 361 bp were used with minor modification. Specifically, the PCR program for the non-nested reaction consisted of an initial delay at 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, 65°C for 30 s and 72°C for 30 s, with a final extension at 72°C for 5 min. For the nested PCR reaction, 0.5 µl of the non-nested reaction product was taken as DNA template with all other components added in the concentrations given for the non-nested reaction. Cycling conditions for the nested reaction were similar to the non-nested reaction except that the annealing step was performed at 60°C.
All PCR reactions were carried out in an MJ Research thermocycler.
The amplified products were analysed in 1.5% agarose gel containing ethidium bromide and observed using a DNA transilluminator (Gel doc system, Hero Lab).
Results and discussion. Fig. 1 shows the presence of multiple occlusion bodies of MBV inside the enlarged nuclei of several hepatopancreatic cells. The infected nuclei were found to be in large numbers with 53% of the hepatopancreatocytes affected. The percentage increase in the volume of the infected nuclei was estimated to be 430%. Based on the criteria outlined by Lightner et al. (1983) , the severity index of the infection was judged to be Grade 4. Postlarvae, from the same hatchery tank were positive for MBV by non-nested PCR (Fig. 2) . Histopathological sections of apparently healthy postlarvae did not show the presence of occlusion bodies. However, they were positive for MBV by nested PCR showing a 361bp band (Fig. 2) . It is well known that PCR is a highly sensitive method for detection of target DNA and therefore it was not surprising to find that histopathologically negative samples gave a positive reaction by nested PCR. Strongly basophilic inclusion bodies indicative of hepatopancreatic parvovirus (HPV) were also observed in the nuclei of hepatopancreatic cells in histological sections that showed occlusions typical of MBV. Although external signs of HPV may be non-specific, Lightner et al. (1992) reported that in severe infections of juvenile shrimp, the signs may include a whitish and atrophied hepatopancreas, poor growth rate, anorexia, reduced preening activity resulting in increased susceptibility to surface and gill fouling, occasional opacity of abdominal muscles and secondary infections by opportunistic pathogens like Vibrio spp. Indeed, the infected postlarvae showed a whitish hepatopancreas, poor growth, anorexia and reduced preening activity. Usually HPV infection is observed in growout ponds (Lightner 1996 , Flegal et al. 1999 ) and has not been reported so far in hatchery-reared larvae (Sukhumsirichart et al. 1999) . However, its presence in postlarvae (PL50) in outdoor nurseries has been reported (Flegel et al. 1995) . Therefore, the present study is significant in that it is the first record of the presence of HPV in hatchery-reared, early postlarvae (PL8-PL10). The study further indicates the possibility that HPV may be a major problem in hatcheries, possibly when present with other viruses.
It is well documented that the white spot virus has a wide geographical and a broad host range (Lo et al. 1996 , Wang et al. 1998 , Rajendran et al. 1999 , Hossain et al. 2001 . In India, a high incidence of the virus has been reported from hatchery samples of larvae in which it may be present in a latent/dormant form without causing mortality (Otta et al. 1999) . However, if the virus load is high, it is possible that it will result in disease outbreaks and consequent mortalities (Tsai et al. 1999 , Peng et al. 2001 . In the present study, the postlarvae from the affected tanks were positive for WSSV by non-nested PCR while those from the healthy tanks (not showing mortality) were positive only by nested PCR (Fig. 3) .
We suspect that the viruses detected originated from the broodstock used to produce the postlarvae and this would suggest that the brooders may have had multiple infections. Hence, there could have been either vertical or horizontal transfer of viruses to the postlarvae. Many captured wild shrimp in India have been found positive for MBV (authors' unpubl. data) and WSSV (Otta et al. 1999 , Hossain et al. 2001 . Though there are no published reports, it is possible that many of these wild broodstock also carry HPV. Therefore it is very important to screen brooders for viruses before they are used in hatcheries.
Though mortality of shrimp larvae due to MBV has been reported in many countries (Baticados et al. 1991 , Lightner et al. 1992 , it has also been suggested that MBV is relatively well tolerated by Penaeus monodon (Fegan et al. 1991 ). HPV has not been reported hitherto as the cause of larval mortality in hatcheries. However, it has been suggested that HPV is correlated with retarded growth. Though detected in larvae, there is no evidence either that WSSV has been responsible for larval mortality. Chantanachookin et al. (1993) reported triple infection with yellow head virus (YHV), HPV and MBV in Penaeus monodon from ponds. They noted that only the presence of YHV was correlated with mortality. However, in the present case, 3 viruses (MBV, HPV, and WSSV) were found in tanks showing mortality. Samples from tanks without mortality showed the presence of MBV and WSSV by nested PCR only. This suggests that the mortality in postlarval tanks was not due to a single virus and it is quite possible that the cumulative effect of all 3 was responsible for the observed mortality. 
